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PREFACE 



THIS book has been prepared by an expert engineer, who at 
my request visited worksliops in various parts of the eountry 
where the dikition of skilled labour is in aetual operation. 
It illustrates some ot the operations whieh women, witli the loyal eo- 
operation and splendid assistanee of the workmen eoneerned, are 
performing in engineering shops in many parts of the kingdom. 



idle photographie records and the written descriptions of what is 
actually being done by women in munition factories, on processes 
hitherto performed solely by skilled men, will, I believe, act as an 
incentive and a guide in many factories where employers and employed 
have been sceptical as to the possibilities of the policy ot dilution. 

Beino; convinced that until that policy is boldly adopted throu^rhout 
the country we cannot pro\'ide our armies with such an adequate supply 
of munitions as will enable them to bring this war to an earlv and 
successful conclusion, I very earnestly commend this book to the most 
serious consideration of employers and employed. 

The thanks of the Ministry of Munitions are due to the grentleman wlio 
prepared the book, and to the firms who granted him facilities for 
the photographs to be taken, or themselves supplied the negatives. 



/^^"^y^r-—''^'^'^-^ 



Ministry of Munitions ot War, 

6 Whitehall Gardens, S.W. 
January 28th, 191 6. 



NOTE 



THt; material collected for the preparation ot 
this hook has been so ahundant that the 
photographs included in it represent only a 
small portion ot the operations performed by women 
ot \\hich detailed intormation with photographs is 
now available. These pht)tographs have been indexed 
and arranged under the trade or operation which they 
represent; thev are at the service ot firms considering 
the dilution ot labour, and can be examined at the 
office ot the Ministry of Munitions, 6 Whitehall 
Gardens, London, S.W. 



SECTION I. SHELL BODIES 

WOMEN ON 18-PDR. H.E. SHELLS 

DRILLING OPERATIONS 

WHEN the machines illustrated were first installed unskilled men (one 
operator per machine) were trained by a skilled driller. After a time 
it was found that, owing to the operation requiring seven minutes to 
complete, one man could easily work two machines. Twist drills 
were first used, but these were afterwards replaced by flat cutters made in the firm's 
tool room and cutter bars ot nickel steel. It was then observed that by considerably 
increasing the flow ot water, cuttings were more readily washed out of the bore and 
the machines did not require such close attention. 

After a few weeks the firm started a new shop for machining a heavier size of 
shell, and the drilling machine operators, who had previously been entirely unskilled, 
were now deemed sufficiently good to draft into a new and larger shop as shell 
turners on engine lathes. Women had previously been working on simple lathe 
operations in the shop where the i8-pounder drilling machines are installed, and a 
number were then drafted on to the drilling machines to replace the men transferred 
to the 6-in. Shell Shop. 

The output of these drilling machines has been maintained under the new 
conditions, and the women complain of no fatigue or difficulty whatever in carrying 
out this operation. It is advisable to provide them with waterproof aprons, and to 
arrange that between each machine is a raised wooden platform, so that both the 
feet and dress of the operator are kept dry. 

Only one change has been made in the machines to suit the women. At first the 
shell blanks were dropped into a round jig, and owing to the speed of drilling 
the blank was frequently wedged in the chuck after the drilling was completed. To 
avoid the heavy work of forcing the shell out of the chuck, a new type, designed by 
the drilling machine maker, was fitted ; this is clearly shown in the small photograph 
on the following page. The depth of the hole is regulated by an automatic cut-off. 

One male supervisor (an unskilled workman) is provided for each eight machines, 
and the blanks are brought up to the machines in trucks designed for the purpose. 
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SECTION I.- SHELL BODlES~co;itmue^/ 





DRILLING 18-pdr. SHELL BLANKS 

ONE woman is operating tivo drilling machines. 
The time of operation is seven minutes, and 
this interval allows the finished work to be removed 
and the new blank chucked without tatigue to the 
operator. Inset is the chuck, showing the simple 
manner in which the work is held and changed on 
completion ot operation. 



SECTION I. — SHELL BODIES^ co/?imue^/ 

WOMEN ON 18-PDR. AND 45 H.E. 

SHELLS 

ENGINE LATHE OPERATIONS 

THE operations of rough turning and finishing the profile together with 
the boring of the cavity have now been carried out by women m all 
parts of the country and with complete success. The number ot wasters 
produced has been materially reduced by sub-dividing each com- 
plicated operation into a number of simple ones. Further, the addition of stops 
which prevent the tool turning below a certain size and also automatic cut-oft 
devices on boring lathes have still further decreased the chance of spoiled work. 
In the roughing operations tlie women have proved to be capable of operating //ot 
o//ly one lathe, hut two. It has been found that, owing to several minutes being 
occupied whilst the tool is traversing across the face of the shell, it is easily possible 
to remove the finished blank from the other lathe and replace it by another, ready for 
machining, without any loss of output due to this duplication ot work. 

It IS /lot suggested that ivo//ie// he asked to operate two ///aeh//ies as a gei/eral rule. 
The sole object of this and the foregoing example is to show that, if one 
woman can continuously operate two machines, the handling ot one machine is, 
without doubt, a perfectly simple achievement. 

To the left, in the upper illustration on page lo, women are operating two 
machines each on i8-pounder shell bodies. These particular tools are fitted with 
a type of tool-post which enables a spare tool to be carried, so that, in the event ot 
one failing, the other can be quickly brought into operation without stoppage of 
output. The automatic stops fitted to the lathes give the women confidence that 
tliev can proceed witli the work boldlv without spoiling the shell. 

The lower illustration gives a general view of a shop carrying out all the 
operations, up to band turning, on 4^5 H.E. shells. 

In this particular tactory tliere are three shifts per day of 24 hours, with two 
breaks for meals and an additional break ot ten minutes in the niiddle of the long shift. 

Time-keeping in the factories emploving women on projectile work is excellent, 
the record bei/ig so good as to //ia\e it difficult to express lost ti///e as a percentage. 



SECTION I.— SHELL BODIES -co^t^nue^ 




It will be noticed that one woman is working two engine lathes. 




General view of 4'5 Shell Gallery : 

It has been found that up to 4 '5 shell, lifting appliances are unnecessary, 

and all the illustrations are taken from factories in which hand-lifting is 

employed on shells up to the size mentioned. 
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SECTION I.- SHELL BODIES conwiued 



SMALL DETAIL OPERATIONS 




w 



HERK operations are short and women 
are constantly changing the work in Collet 
chucks minor alterations to the gear are 
advisable to decrease physical strain. Inset 
is a draw-in device designed to give considerable leverage 
with a small effort on the part of the operator. It has been 
found that on both night and day shifts the operators 
are able to keep the lathes running constantly 
without fatigue. Several installations of plant have no\\' 
been operated day and night for six months, without 
■ appreciable strain on the women employed. Certain 
delicate operations, such as turning the copper band, were originally done by men, 
but many employers now find that if special fittings are designed, such as those 
shown on pages 12 and 14, women carrv out the work with complete satistaction. 

Inset on next page will be noticed a photograph giving greater detail ot the copper 
band-turning device. The limit of accuracy called for on delicate operations like the 
driving band was such as to encourage amongst employers the view that the number 
of bands spoiled by women workers would more than neutralise the saving to the 
country by the employment of this type of labour. The illustration shows the 
precautions adopted for preventing bands being turned either too small in diameter 
or incorrect in form. (See also page 14.) 

One male setter-up maintains in constant operation nine band-turning lathes. The 
operations carried out on the group of lathes illustrated comprise: Ending off" to 
weight ; taking out the base ; gashing and undercutting and waving tor the band 
groove ; finish band-turning. 

Inspection of the finished shell is, subject to sutficient specialisation being employed, 
a class ot work in which women have been 
very successful. 

In the case illustrated each woman has 
been trained to the use ot one or two 
gauges only, and this ultra-specialisation 
has resulted in an efficiency such as cannot 
generally be obtained by a highly skilled 
male inspector using a large number ot 
gauges. Women have achieved extraordinary 
proficiency in detecting loose base plugs or 
loose copper bands at the inspection bench. 
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SECTION 



-SHELL BODIES- -co;nmutr/ 





General view of 18-pdr. shop entirely operated by women. 
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DETAIL OPERATIONS SUB- 
SEQUENT TO BORING 

One operator per machine, lathes similar in type 
hut set up tor eight different operations. Machines 
on left ot picture turning copper bands, those on right 
gashing and undercutting body tor banding groove. 
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SECTION I. — SHELL BODIES 




Turning base plates 
for shells on turret 
lathe. 



Cutting copper 
bands for shells 
from tubes. 
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SECTION I. SHELL BODIES- con ^mue^/ 




Pressing on copper bands. 



Turning copper bands 
on high explosive 
shell. Tool - holders 
specially designed to 
prevent band being 
turned incorrectly. 
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Riveting Base Plug on H.E. Shell 
Bodies. Tiiis operation is quite 
suitable for women, and if the jigs 
are properly designed to facilitate 
changing the work, practically con- 
tinuous operation can be secured. 



Detail of jig for holding shell. 
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SECTION I.— SHELL BODIES continued 




Ripping nose of 4'5 shell forging to length before rough turning. 




Group of lathes roughing and finishing the bore on 4'5 shell. 
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SECTION I. — SHELL BODIES -ccmtmued 

6-iN. AND 8-iN. SHELL BODIES 



HERE has been, and is still, some difference of opinion amongst 
s as to the employment of women on shells ot 6-inch 



■ engineer; 

I calibre and upwards, and the following illustrations are taken from factories 

^A. actually and continuously employing female labour on these heavier shells. 
The experience of those employing woman labour on large shell bodies is that the 
actual cutting operations demand no greater strain from the operator than do those on 
smaller shell, but that the lifting in and out is the all-important factor in the operations 
on heavy shell. 

Owing to the fact that women have only recently been employed on the heavier 
shells some factories are using, temporarily, lifting devices which are obviously capable 
of considerable improvement. Illustrated is a case where an ordinary block swung 
on a small jib attached to the lathe is proving quite satisflictory. It is obvious, 
however, that fairly elaborate lifting appliances are essential tor efficient operation, and 
constitute a deciding factor in the employment of women on heavy projectiles. 



Some ot the newer factories not yet in 
full operation are using special bogies 
embodying lifting appliances which render 
the handling of shells of large calibre a 
matter requiring no physical strain what- 
ever. Given, therefore, satisfactory hand- 
ling devices, there appears to be no reason 
whatever why women should not be quite 
as generally employed on heavy shells as 
on projectiles of smaller diameter. 
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SECTION I.— SHELL BODIES contimieil 



6-iN. SHELL BODIES 




IT will be noticed that the lathe is of a very heavy type capable of dealing 
with heavy cuts. At the back of the slide, and not shown in the 
photograph, is a stop which prevents the tool making the shell of too small 
a diameter, whilst the four tool-post fitted on to the machine allows a spare 
tool to be carried which can be set up by gauge to the correct position, 
and which is ready for instant operation. Where a woman operates a tool 
of this size and importance, it is imperative that every precaution be taken 



to ensure continuous runnino'. 



SECTION I. SHELL BODIES co;///;;//ty/ 

6-iN. SHELL BODIES 



It is advisable to design specially 
the apparatus for boring 6-in. 
shell by woman labour, so 
as to prevent undue break- 
age of cutters when the bar 
reaches the base of the shell. 
The operations illustrated 
show : — 

The cutter rough boring the 
shell down the straight part 
before the radius is encoun- 
tered ; the traverse of the bar 
being then automatically cut off. 





The next operation shown, that of 

bottoming, is traversed by hand 

and with the aid of the lever 

shown in the illustration. 



The third illustration shows an 
operator using the high and 
low limit gauges. 
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SECTION I.— SHELL BODIES- contniueJ 

8-iN. HE. SHELL BODIES 




On account of the great cost 
of the forging of a shell of this 
calibre, special precautions are 
taken to prevent any possibility 
of defective work, and "stops" 
of special construction are fitted 
to the slide rests ; the male 
supervision also is slightly in- 
creased. 



Illustrated are the operations 
of rough turning, gauging and 
parting-off the bodies for 8-in. 
H.E. shell. 





The lathes illustrated are super- 
vised by one male shell turner 
to each four machines. 
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SECTION 2.- GENERAL MACHINE SHOPS 

WOMEN IN GENERAL MACHINE SHOPS 

THE question of the dilution of skilled male labour by women in general 
munition shops is admittedly a more difficult problem than that dealt with 
in the previous section. In prcjjectile work and other operations in which 
the pieces are manufactured in tens of thousands, and for which entirely 
special lathes and machines are designed, super-specialisation and sub-division of 
operations render women's work comparatively easy to organise. In the general 
machine shop, however, where pieces of work are dealt with in numbers of ten and 
twenty, no such special "fool-proof" devices or limitation of the number of operations 
per machine can be organised. 

In the following pages photographs are shown in which women are operating 
ordinary commercial machines without special rigs on general work. The 
great varietv of work now being carried out bv women m general shops makes it 
impossible to show instances sufficiently comprehensive in character to cover more 
than the very fringe of the subject. It was therefore considered most satisfactory 
to take one shop and one trade, covering this with a series of photographs and 
examples, and then follow with a number of instances in other classes of manufacture, 
the latter being arranged under "types of tool." (Seep. 3.) 

The shop selected is a general engineering factory employing about 400 hands. 
The manufactures are so general as to range over locomotives, gun mountings, turret 
lathes and other types of machine tool. A fair amount ot tool-room work is 
carried out, the majority of the product being sold bv the firm and not used in 
their own factory. 

The first three photographs show the method adopted by the firm for dealing 
with operations in which the job was obviously far too difficult tor a woman without 
very complete and continual supervision. The method, after a prolonged trial, has 
proved to be an entirely satisfactory solution of a problem which will confront every 
shop employed on general work. It is therefore instructive to indicate in detail the 
system as regards payment of employees in this case. 

In the first photograph are two ordinary chucking lathes. Before the introduction 
of women a skilled man operated each machine. The work in progress is a lathe 



SECTION 2. —GENERAL MACHINE SHOPS fo/z/z/z/W 

saddle and turret, and the woman is boring the turret, which is eventually fitted 
to the saddle shown in the lathe on the left of the photograph. The male operator 
is responsible for both machines, and the total price paid for the product oj the tit'o 
lathes IS the same as was ongnmlly paid when two men worked these two machines. 
The man gives the woman every possible assistance, and, when the total earnings of 
the two machines are distributed, the division is such as considerably to increase the 
normal earnings of the male worker. It cannot be too stronglv emphasised that the 
amount paid tor the work is not reduced in anv way, so that the conditions laid 
down by the Ministry of Munitions with regard to the employment ot women on work 
previously carried out by men are strictly adhered to. 
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SECTION 2, GENERAL MACHINE SHOPS contmueci 




Working small 
bar lathes on 
repetition work. 



Operating shaping 
machines on tool-making 
work. It will be noticed 
that the operator in the 
foreground is working 
with a dividing head. 
The accurate angles re- 
quired make the job a 
remarkable example of 
the accuracy of women's 
work. 
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SECTION 2.— GENERAL MACHINE SHOPS r^;///;//W 




Grinding to size and using 
micrometer on hardened 
and ground pins for 
registering lathe turrets. 
One quarter to half of one- 
thousandth error is sufficient 
to scrap the work. 




Operating drilling machines on the same plan as 
that previously described. 




Drilling holes joths inches 
diameter. 8 inches long, in 
nickel chrome steel gun- 
carriage mountings. 
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SECTION 2. — GENERAL MACHINE SHOPS continued 




Twelve - inch stroke 

slotting machines 

making cutter bars for 

turret lathes. 



Special slot miller on 
shell-boring cutters. 



25 



SECTION 2. — GENERAL MACHINE SHOPS co// //////a/ 





Operating ordinary turret 
lathes on small machine 
parts. The woman ope- 
rating the centre lathe 
sets up her own cutters 
without supervision. 



Fifteen-inch centre chucking 
lathe turning pulleys. 
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SECTION 2. — GENERAL MACHINE SHOTS— coui/^iuer/ 




'Each operator is working two milling machines. The output of the machines 
has been maintained at its old figure, and the quality of the work is thoroughly 

good. 
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SECTION 3. PLANING AND SHAPING 




Operating 24-in. shaping 
machine on machine 
tool parts. 



Light planer on 
general work. 
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SECTION 3. GRINDING 




Grinding shafts after 
rough turning. 



Small grinder on 
machine tool details. 
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SECTION 3. GRINDING - continued 





Grinding faces 
of lock nuts. 



Operating plain 
cylindrical grinder. 
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SECTION 



-GRINDING- <cmtinued 




Grinding taper pins 
for shell lathes. 



Internal grinding 
on friction rings. 
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SECTION 3, 



-GRINDING- continued 





Grinding machines on 
twist drill work and 
also internal grinding. 



Grinding operation 
on valve-seating 
cutter. 



32 



SECTION 3. GRINDING- ccmtinued 




Gang of special grinders 
on ball bearings. 



Detail view of 
machines. 
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SECTION 3. GRINDING— co;///^///6v/ 




Small surface grinder. 




Gang of surface grinders on left ; on right, tap sharpening. 



34 



SECTION 3. — GRINDING co;7//;//^tY/ 




Grinding friction 
rings. 



Grinding milling 
machine cutters. 
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SECTION 3. CENTRE LATHES 




Rough turning preparatory to grinding. 




Boring hole in lathe spindles. 
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SECTION 3.- CENTRE LATHED-- cw/im/nv/ 




Facing shafts to 
length. 



General turning 
work. 
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SECTION 3. -CENTRE LATUES~conf/?;uer/ 





On the left, turning 
cast-iron sleeves. On 
the right, turning 
shafts. 



Pulley turning. 



SECTION -..SEMI-AUTOMATIC TURRET LATHES 




Gang of capstan 
lathes on machine 
tool parts. 



Turning and borin 
wheel blanks. 
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SECTION 3. SEMI-AUTOMATIC TURRET LATHES- co;;/^. 
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Gang of capstan lathes on chucking work. 




Turning and boring wheel blanks. 
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SECTION 3. SEMI-AUTOMATIC TURRET LATHES contd. 




Turning pulleys for 
machine tools. 



Semi-automatic turret lathe 
set up to "stops" and on 
repetition work. 
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SECTION 3. -SEMI-AUTOMATIC TURRET LATHES- ro;//r/. 




Turning "former" handles 
for machine tools. 




Boring on chucking lathe 
with special fixture for 
repetition work. 
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SECTION 3. SEMI-AUTOMATIC TURRET LATHES- cg^^u/. 




Operations on self-opening die head parts. Highly accurate interchangeable work. 
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SECTION 3. SEMI-AUTOMATIC TURRET LATHES co?iuL 




Machining forged steel blanks. 




Semi-automatic bar lathe on small shafts. 
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SECTION 3. HORIZONTAL MILLING MACHINES 



Milling square turrets 
for lathes. 








iMilling lathe brasses 
shown in front of 
picture. 
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SECTION 3.— HORIZONTAL MILLING MACHINES— c^///^. 





Making milling cutters. The woman is operating a 
horizontal milling machine on the manufacture of 
milling cutters. It will be noticed that the work is of 
the most delicate description and that a dividing head 
is in use on the machine. The material worked upon' 
is high speed steel, and the number of wasters made 
by the operator is practically negligible. 



Detail of operation. 
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SECTION 3. — MILLING MACHINES 



Milling teeth of bevel 
pinion, and using 
special dividing head 
and jig for taper work. 





Vertical milling machine 
making spiral scrolls. 
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SECTION 3. MILLING MACHINES — contmued 





Slot milling machine 
on machine tool parts. 



Continuous milling on pump 
covers. Note the simple 
nature of the jig, which allows 
of continuous milling. The 
finished work can be removed 
and new pieces put into the 
jig without stopping the 
machine. 



48 



SECTION 3.— KEY-WAYING MACHINES -conttyiued 

Slot milling for key seating 




Milling key seating in shafts. 
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SECTION 3.— DRILLING MACHINES 




Operating drilling machine on 
general non-repetition work. 



Drilling on cast iron brackets 
for machine tools. 




50 



SECTION 3.— DRILLING MACHINES— fo;///wW 




General view. 

On right : gang of 

light drills. 

On left: assembling 

cages for ball 

bearings. 



Detail view of 
drilling operations. 
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SECTION ^.— DRILLING MACHINES— co;^thme^/ 




Drilling small parts 
with multiple spindle 
drill. 



Repetition drilling 
on multiple spindle 
machine. 
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SECTION 3.— MISCELLANEOUS OPERATIONS 




Front row : Group of backing-off lathes 
producing form cutters. 

Back row : Double angle cutters 



Detail of operation on 
double angle cutters. 
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SECTION 3. — MISCELLANEOUS OPERATIONS— co«/w/W 





Gear shapers. 



Gutting key ways on 
slotting machine. 
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SECTION ^.-^MISCELLANEOUS OPERATIONS^ contmuec/ 




Milling face and side of slide rest. 



Shaping poppet base. 
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SECTION 3. MISCELLANEOUS OPERA riONSr^;///;///.Y/ 




General Views in Ball Bearing Factory. 
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SECTION 3.- FITTING AND BENCH WORK 




Fitting under supervision of male worker. 
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SECTION 3.— FITTING AND BENCH WORK— m///«/W 




Marking off. 




Fitting for machine tools. 



SECTION 3. — FITTING AND BENCH WORK — continued 




Filing up wheel blanks after machining, and preparatory 
to hardening. 
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SECTION 3.— AIRCRAFT, BRAZING, WELDING, etc. 




.t ..h'-miM.. . i'Lkva- ^.. 

Building turbine motors. 




Detail of above. 



Illustrated isa department in which 
women are engaged on theworkof 
assembling turbine rotors. The 
operations are as follows : — 

(i) Preparing segment for 
blades. 

(2) Threading blades and 

caulking up. 

(3) Wiring up beforebrazing. 

(4) Brazing. 

Women use length gauges, true 
up the blades, and braze success- 
fully without burning the blades. 
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SECTION 3.— AIRCRAFT, BRAZING, WELDING, ^ic—contd. 




Women acetylene welding. 



The success of this opera- 
tion is largely dependent 
upon the provision of 
face and head guards in 
order to minimise the 
onerous conditions ol this 
class ot work. 



Acetylene welding. 
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SECTION 3.— AIRCRAFT, BRAZING, WELDING, etc.— ro;//^'. 




General view of aircraft shop showing, on the left, women making small metal clips 
and fittings. On the right, soldering flexible wires for aeroplanes. 
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SECTION 4. SHELL FUSES 



THE following photographs are taken from two or three typical factories, 
and are indicative of the entire suitability of this class of work for woman 
labour. The majority of successful fuse-making factories are, as regards 
the operation of machinery, manned entirely by women. The object of 
publishing these photographs is to show the grouping oi machines and the scheme 
of general organisation employed. Organisation is a determining factor as regards 
output in any fuse-making factory, for the operations are so small and their number 
is so large as to make the handling between machines extremely important. In 
factories turning shell bodies, and larger pieces, the handling is a factor of great 
moment ; but in tuse-making factories it becomes a point, together with that of 
inspection, of no less importance than the bare machining time as regards quantity 
and quality ot work. 




General view of 65a Department. (Inset) Inspecting and gauging body of No. 65a Fuse. 
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SECTION 4. -SHELL FUSES— co;///;//,W 




Assembling No. 100 Fuse. (Inset) Inspecting and gauging body of No. 100 Fuse. 




Tapping fuse parts. 
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SECTION 4. - SHELL FUSES— co;///;;/W 




General view of drilling 
machines in main shop. 
(No. 100 Fuse.) 



Girl operating duplex drilling 
machine on safety pin-holes 
on No. 65a Fuse. 
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SECTION '4.— SHELL FUSES— co^fmued 




Trained capstan setter in charge of group of capstans operated by girls. (No. 100 Fuse.) 




Man being trained as setter on fuse work. 



66 



SECTION +. —SHELL FVSES-^-- con t/r/uer/ 




View of capstan lathes on 
body of No. 100 Fuse. 



Detail of above. 
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SECTION 4.— SHELL FUSES^co^umue^ 




Bottom Inset. — Detail of operation as in large 
photo. 



Top Inset. — View of operator milling powder 
groove in time ring. 



Group of automatic milling machines on teeth and pellet-holes on time rings. (No. 121 Fuse.) 
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SECTION 4. SHELL FUSES — continued 




General view of capstan lathes on body of No. 121 Fuse. 




General view of milling machines on bayonet slots for body and safety cap (No 44 & 18 Fuse ) 
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SECTION 4. -SHELL FUSES^contmuec/ 





General view of 
drilling and assembling 
operation. 



Spinning machine — 
operator adjusting and 
testing the shutter of 
No. 44 Fuse. 
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SECTION 4.— SHELL FUSES— ro?///;//W 




Girl drilling safety pin-hole- 
hole breaking in and out of 
three different parts. (No. 
44 & 18 Fuse.) 



Girl operator reducing thickness 
of diaphragm to W3" and gauging 
same by special micrometer. 
(No. 44 & 18 Fuse.) 




71 



SECTION 4.. -SHELL FUSES (AND HAND GRENADES) cojitd. 





Assembling hand grenades and small detail parts in ammunition factory. 
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SECTION 4.— SHELL FUSES— co////;//^^^/ 
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Detail operations on shell fuses. 



SECTION 4. — SHELL .FUSES— ro;;/w/W 





Sundry operations on shell fuses. 
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APPENDIX 

TRAINING OF MUNITION WORKERS 

WHEN the magnitude of the Munitions Problem became 
apparent, it was at once obvious that every possible source 
of labour must be tapped. Thousands of men of superior 
education and intelligence were eager to assist m Munition Factories 
for the period of the war. These men, however, could only be 
efficiently employed after some preliminary training in the use of tools, 
and it was with a view of making available labour of this type that the 
Ministry of Munitions, in co-operation with the Board of Education, 
arranged to use the resources of Technical Schools for the training of 
munition workers. As, however, the men in question could only be 
used during the period of the war and would afterwards return to their 
regular occupations, the aim of the Ministry was to give only a slight 
knowledge of machine tools and wherever possible to confine the 
training to a particular operation. These men and 
also women were for the most part not engaged i7i 
actual pj^ociuction when they began their course. 
Hence every one of them is a new recruit to 
munition work and their employment involves 
no economic dislocation, such as inevitably results 
from the withdrawal of workers already engaged 
in other forms of production. Every hand taken 
from the woollen mills, for example, involves an 
economic loss ; every unemployed architect trained 
as a munition worker is an economic gain. It 
is not claimed that every one of these trained 
workers — and there are over 10,000 of them — 
has been a success, still on the whole the scheme 
is justified by its results. It has brought into the 
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School Workshop : 
Fitting and gauge - making 
exercises, illustrating the course 
of training given to students 
who show special aptitude for 
this work. 
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TRAINING OF MUNITION WORKERS coiitmucd 




View of Workshop in 
Training School. 



shops thousands ot workers 
who would not otherwise 
have been available, and 
the reports received from 
employers who have made 
a trial ot these trained 
workers speak for the most 
part very favourably of 
their zeal and capacity. 

Considerable success has 
been achieved in the 
direction of training men for the actual operation they will be called 
upon to perform in the factory. If an employer with an extension 
of his works, or a delivery of new machines in view, would indicate to 
the Ministry his actual needs /;/ advance^ specifying quite definitely the 
operation for which he requires the men, the training centres could deal 
with the matter in a thoroughly efhcient manner. Some of the more 
progressive employers are actually doing this, and even lending the 
Schools typical machines 
to enable them to give 
specialised training. Al- 
though the majority of 
the trained operators are 
merely semi-skilled 
workers suited to re- 
petition work in Shell 
Factories, it was inevit- 
able that in so larg^e a 
number there should be a 
fair percentage capable 




School Workshop : General View. 
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TRAINING OF MUNITION WORKERS continued 




School Workshop : 
General view of lathes. 



of being trained to a much higher degree 
of skill. Wherever the equipment of the 
Technical Schools made it possible, great 
care has been taken to give every encour- 
agement to those who showed real mechani- 
cal aptitude. In view ot the admitted 
shortage ot skilled workers it cannot be 
too strongly emphasised that, with the 
co-operation of employers, men and women 
can quickly be trained to certain limited 
but nevertheless skilled operations. This 
principle is being carried out in the schools, 
and pupils are expressly trained for the 
work on the specific machine they will eventually have to operate. 

The shortage of tool setters has led to a further development. The 
installation of new machinery in certain schools has made it possible to 
train there a number of specialised tool setters that is, men who are 
competent to set up one particular type of machine. These tool setters 
on automatic and semi-automatic machines are for the most part from 

the professional classes, who will naturally 
revert to their former avocation after the war. 
The necessity for employing women in greater 
numbers in Munition work has led to a large 
increase in the number of women passing 
through the schools. Some of the centres 
now train women only. The Ministry is 
anxious to apply and extend the methods 
indicated above to the trainino- of women and 
to teach them in the schools the actual 
type of repetition work for which they will 
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School Workshop : 

Production work supplied to firms. 

Cjauges and tools. 
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TRAINING OF MUNITION WORKERS — continued 

be required. It is hoped that by the publication ot this series of 
photographs, showing the actual operations on which these trained 
workers are engaged, the possibility of making a more extensive use 
of this scheme will be at once apparent. 
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TRAINING SECTION 




Boy operating semi-automatic turret lathe on small projectile parts. 

(Inset are details showing the operation at each position of the turret.) 
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TRAINING SECTlON^-confmued 




School Workshop : 
Training for special skilled operations in Ammunition Factory. Boring Bullet Dies. 
Age of operator : 36 (twice rejected as medically unfit). Former occupation : Laundry work. 




Detailed view of above, show- 
ing tool and reamer in position. 
These dies are turned, drilled 
and bored, and then finished 
with a taper reamer. 

Eight men from this school 
have already been supplied to 
one firm for this special 
operation. 
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TRAINING SECTION — contumed 




School Workshop : Shaping, miUing machines, &c. (Morning Class). 




School Workshop : Some of the lathes (Afternoon Glass). 
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TRAINING SECTlON^contmuec/ 




School Workshop : Training for special skilled operations in Ammunition Works. 

Turning Cartridge Heading Pegs. 
Age of operator: 38 (physically unfit for Army). Former occupation: Grocer. 




Detailed view of above, show- 
ing tools in position : Turned 
externally to three diameters, 
and bored up the centre for 
the anvil. Turned to micro- 
meter to fit high and low gauges. 
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TRAINING SECTION ^confmuec/ 




School Workshop : Training for special skilled operations in Ammunition Works. 

Turning and Boring Cartridge Heading Dies. 

Age of operator : 42. Former occupation : Carpenter. 



Detailed view of above. These dies 
are turned externally to gauge ; drilled 
and reamered out to gauge ; and then 
recessed in front for the "bumper" 
through which the heading peg is 
fixed. The view shows the reamer in 
position. 
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TRAINING SECTION— cwiimuLY/ 




School Workshop : 

Milling 6-in. shell gauge. 

Age of operator: 51. 

Former occupation : Retired. 




Gauge Making : 

Six-inch shell horseshoe gauge. 

These are finished from the blank, 

leaving ten-thousandths for 

grinding. 

(Nole. — 146 of these have been made in the 
classes.) 

Age of operator: 45. 
Former occupation : Decorator. 




Detailed view of milling 
the tongue of 6-in. shell 
gauge to fit the groove for 
driving band. 




Turning reamer for 3-pounder 

H.E. shell. Also showing 

finished reamer. 
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TRAINING SECTION^ co?itmued 




Trained Men in Factories. 
View showing trained men in Meter Works on shell work. 




Trained man en- 
gaged in turning 

shell adapters. 
Ageof operator : 35 
(physically unfit for 

Army). 

Former occupation: 

Architect. 




Detailed view of adapter after 

turning, showing the various 

gauges used. 



These adapters are brought from a capstan 
lathe, externally rough-turned to size, and 
faced to correct length. They are after- 
wards screwed by a chaser, working from 

a screwed mandril. 

This operator, after a fortnight in the 

works, was able to turn and" screw four 

dozen of these in nine hours. 




Detailed view of 

same adapter being 

screwed. 
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TRAINING SECTION— fo;;//«//tY/ 



:5??ri?y 




School Workshop : Turning cartridge heading punches. 
Age of operator: 61. Former occupation : Boot Dealer. 




Detailed view of turning, facing and 
boring cartridge case dies. 

Three men have been supplied from 
this school to a large ammunition 
works after training for this operation. 
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TRAINING SECTION contmue(/ 




Men in Factories after training, working on lathes. 




School Workshop : 

View of hearth, showing man hardening 
his own tool. 




School Workshop : 

Tool-making (Filing reamer). 

Age of operator : 40. 

Former occupation : Builder's foreman. 
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TRAINING SECTION— co;;//;;//^r/ 




Specially trained men in Cartridge Factories. Men at Fitting Bench. 
Operators' ages : 37 (medical reject) and 60 

Former occupations : None ,, Wood engraver. 




I Detailed view illustrating class 

I of work on which the men 

I**' ' shown above are engaged. 



TRAINING SECTlON^contMued 




specially trained men in Ammunition Factories. View of work on turret lathe, showing 

tools in position. 





View of turret lathe (front), showing finished 
dies. 



Detailed view of turret lathe making 
heading dies, showing tools in position. 



TRAINING SECTION- -continued 




Trained men in Factories. 
Man at work at fitting bench. 
Age : 57. 

Former occupation : 
Lithographic Artist. 




Detailed view of face 
milling cutter also made 
by this Lithographic Artist 




Detailed view of above, showing group of gauges 
made by above worker. 
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TRAINING SECTION continu 



eel 




Testing the Tensile Breaking Strain 
of Shell Steel. 

The selection ot the pieces 
for testing is made by the 
Government Inspector. After 
the test pieces are numbered and 
scheduled, they are deHvered to 
the Training Centre, where they 
are turned and screwed by the 
munition workers in training. 
The whole work is carried out 
by the students, from driUing the 
centres to lapping the bodies. 

The upper illustration shows 
the initial turning operation, 
roughing down the body of 
triangular section. 

The lower one shows the 
finished turning operation. 
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TRAINING SECTlON^con^muec/ 



Drilling Hand Grenades in 
the Factory after training. 




Drilling Stokes' Fuses in 
the Factory. 
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TRAINING SECTION- continued 




Girls at work in the Tool Room in the Factory. 




Milling in the Tool Room in the Factory after a special course of training. 
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TRAINING SECTION— contimied 




Turret latlie work on Stokes' Fuses in the Factory. 




Turret lathe work on Hand Grenades in the Factory. 
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